We explore the multi-component dark matter (DM) scenario considered in a simple extension of the standard model with an inert scalar doublet and a singlet fermionic field providing the two DM candidates. The DM states are made stable under the unbroken Z 2 × Z 2 discrete symmetry. An additional gauge singlet scalar field is introduced to facilitate the interaction of the dark fermion with the visible sector. Presence of a charged fermionic field having the same Z 2 charge as that of the inert scalar field allows exploring the dark matter mass regions otherwise disallowed, like in the standard Inert Doublet Model (IDM) scenarios. With these arrangements, it is shown that the light DM scenario and the desert region in the intermediate mass range of DM in the standard IDM case can be made compatible with the relic density bounds and direct detection limits. Further, detailed parameter space study is carried out keeping the coexistence of both the scalar and fermionic components in focus, showing that sizable parameter space regions are available for the entire mass range of 10 GeV ≤ M DM ≤ 2000 GeV.
within the scalar DM scenarios [15] [16] [17] [18] [19] [20] [21] [22] , however providing only limited distinguishing features compared to the single component framework. More recently, serious attempts are made to unify such DM models with features to explain small neutrino mass, another compelling reason to consider beyond-the-Standard Model (BSM) dynamics [23] [24] [25] [26] [27] [28] . Adding fermionic fields in the dark sector (odd under the Z 2 considered) could provide additional annihilation channels and other possibilities in the DM dynamics, leading to distinctions with the more simplistic scenarios of scalar DM models mentioned above. Studies of simple scenarios with a vectorlike dark fermionic field added to the scalar dark matter models show negligible effects in the parameter space regions compatible with the measurements [29, 30] . Models with vector and fermion dark matter cases were discussed in Ref. [31] .
In this article we propose a new scenario with one scalar and one fermionic dark matter particle. The framework similar to that of the IDM is considered for the scalar dark matter candidate, made stable with a discrete Z 2 symmetry. An additional singlet charged fermion field considered odd under the above Z 2 symmetry modifies the scalar dark matter interactions, at the same time providing a new handle to explore this scenario in collider experiments. The addition of a gauge singlet fermion field, stable under a different Z 2 symmetry presents novel features in the dark matter scenario, as elaborated in the rest of this article. The fermionic dark matter interacts with the SM particles through a singlet scalar portal enabled by mixing of this neutral scalar with the SM Higgs field, leading to a natural way to explain direct detection limits through the smallness of the mixing without requiring fine tuning of the parameters of the Lagrangian.
We organise the article with Section 2 presenting the details of the model, and the features of relic density calculations.We then present our numerical analysis in Section 3, and summarise the study with our conclusions in Section 4.
Model
The particle content of the SM along with the Higgs doublet (Φ 1 ) is extended with an addition of scalar doublet Φ 2 having hypercharge +1, two vector-like fermion singlets, χ and ψ with hypercharges −2 and 0, respectively, and a singlet scalar field φ, with zero hypercharge. The new doublet field, Φ 2 and charged singlet fermion χ are considered odd under a discrete Z 2 symmetry, while all other fields are considered even under this transformation. Similarly, the neutral singlet fermion ψ is taken to be odd under another Z 2 symmetry, while all other fields are considered even under this.
With the above Z 2 × Z 2 discrete symmetry and the SM gauge symmetry, the new physics interaction part of the Lagrangian is given by
with the covariant derivatives
where g and g are the corresponding gauge couplings and Y is the hypercharge. L denotes the SM lepton doublet field. The scalar potential is given by
With the standard Higgs field developing a vacuum expectation value (vev), v = 246 GeV, leading to the electroweak symmetry breaking (EWSB), the scalar fields may be expressed in the unitary gauge as
Following the standard IDM scenario, we consider µ 2 2 ≥ 0 so that Φ 2 does not develop a vev, and Z 2 is unbroken. Similarly, it is arranged so that φ does not generate a vev. The physical spectrum now has two charged scalars, H ± , one neutral scalar H 0 and a neutral pseudoscalar A 0 coming from Φ 2 , with the lightest of H 0 and A 0 becoming a dark matter candidate. We confine to the case of M H 0 < M A 0 . On the other hand, h and h s mix to generate the two physical scalar bosons; the observed 125 GeV Higgs boson and another scalar boson denoted here by H and H s , respectively. The mixing is parametrised with an angle α as
The physical scalar masses are related to the quartic coupling λ 1 and the vev through the relation
Cosidering λ 1 to be positive for the stability of the potential leads to the mass relation
Mixing with the SM Higgs field allows the scalar component of the singlet field H s to decay to the SM particles, thus allowing its mass to be practically unrestricted. On the other hand the pseudoscalar component, A s directly couples only to the the new fermions and the IDM Higgs field, and thus to allow tree-level decay its mass should be larger than twice the mass of the lightest dark matter candidate. The mass spectrum of the inert doublet field are not affected by other interactions, with the masses related to the parameters of the potential as in the pure IDM case given by [7] M 2
In addition, in the new scenario the physical spectrum displays two additional charged leptons, and a neutral fermion ψ. The mass of the Z 2 odd charged fermion, χ ± should be larger than the mass of the scalar dark matter candidate M H 0 , whereas ψ is another dark matter candidate odd under the Z 2 . The above considerations along with the condition µ 3 7 = − µ 4 2 v 2 to remove the linear term after the EWSB, lead to the following set of independent parameters:
In our discussion, we shall consider λ L = 1 2 (λ 3 + λ 4 + λ 5 ) as the independent parameter instead of λ 3 , as the HH 0 H 0 coupling is proportional to λ L and the other two couplings, λ 4 and λ 5 are traded for the scalar masses, M H 0 and M A 0 . LEP limits of (M H 0 + M A 0 , 2M H + ) > M Z and M H 0 + M H + > M W are obtained from non observation of the decay of Z and W to the inert Higgs bosons. Further, precision electroweak measurements are sensitive to the mass splitting between the charged Higgs boson and the neutral ones, with the IDM contribution to the T -parameter given by
The current experimental bound on the value of T = 0.08 ± 0.12 [32] can be accommodated with at least one of the light neutral Higgs bosons having mass close to that of the charged Higgs boson. The direct detection is blind to the type of DM, and the cross section arises through processes mediated by the Higgs boson. While the IDM-like scalar DM candidate has a direct coupling with the SM doublet field, the fermionic dark matter interacts with the visible sector only by virtue of the mixing between the new scalar field introduced and the standard Higgs boson. The scattering cross section of the scalar DM is dictated by the coupling λ L in the IDM sector, and the newly introduced trilinear coupling µ 5 between φ and the inert doublet field Φ 2 . The process is mediated by H and H s with the former case coupling to H 0 with appropriate combination of λ L v cos α and µ 5 sin α , and the latter case with combination of λ L v sin α and µ 5 cos α. Interaction of the mediating scalar with the visible sector is proportional to cos α in the case of H and sin α in the case of H s . In Fig. 1 (left) we plot the cross section for H 0 -nucleon scattering against M H 0 for two different values of µ 5 = 500 GeV and 1000 GeV and three different values of λ L = 0.001, 0.0001, 0.00001 in each case. We compare these cross section values with the direct detection limits from the XENON1T [33] measurement. As seen, the sensitivity of λ L is insignificant for sizable µ 5 . While we have presented our results in Fig. 1 for slightly larger values of µ 5 , a similar pattern is seen in the case of smaller values (µ 5 ∼ 100 GeV) as well. Dependence on M Hs is not presented, however, we have checked that it is not very significant. Notice that µ 5 ≤ 500 GeV is compatible with M H 0 ≥ 65 GeV, and µ 5 ≤ 1000 GeV is compatible with M H 0 ≥ 100 GeV. While considering the limits, we have not included the contribution of the other dark matter candidate, ψ, which means the scaling factor in Ω i Ωtot σ i [34] for the i th DM component in multi component scenario is taken as 1. Moving on to the case of ψ (again, in the absence of H 0 ), cross section of ψ-nucleon scattering is plotted against M ψ for different values of the ψψφ coupling y 3 . Here again the mediators are H and H s . However, the couplings are rather straight forward, unlike the previous case of H 0 -nucleon scattering, with the cross section proportional to (y 3 sin 2α) 2 . We have considered a fixed α = 0.0045 and varied y 3 to see the effect of the coupling. Apart from the coupling, the process depends strongly on M Hs , the mediator mass. As can be seen from Fig. 1 (right), y 3 = 4 is allowed for the above value of mixing, and a rather heavy H s with M Hs = 2 TeV. Lighter H s leads to more relaxed limit on the coupling, contrary to the naive expectation. This may be attributed to the destructive interference between the contributions from H s mediation and H mediation. With these observations, we proceed to see the effect on the dark matter relic density.
In order to understand the compatibility of the model with the observations of relic density, Ωh 2 = 0.1198 ± 0.0012 [33] , where h denotes the Hubble parameter normalised to 100 km s −1 Mpc −1 , we perform a relic density computation using the micrOMEGAs [35] package, scanning over the theoretically available parameter space regions. We consider two distinct scenarios
In the former case, the invisible decay of the Higgs boson to DM pairs will put restriction on the couplings. Here, λ L is the relevant coupling for H → H 0 H 0 process, although, through the H-H s mixing, this channel is also influenced by the the trilinear coupling, µ 5 and the mixing angle, α. Considering the fermionic component of the DM, notice that the only interaction of ψ to other particles is facilitated by the singlet scalar field φ. Through mixing with the SM Higgs field, this leads to ψψH coupling of y 3 sin α. The present LHC bound on H → invisible decay width is restricted to about 20% [36] , leading to a constraint on y 3 ≤ 0.02 for the maximum allowed α ∼ 0.33. In our analysis, in the region
we have discussed two scenarios. One with λ L = µ 5 = y 3 = 0 as the most conservative approach, so that the invisible decay of H to the dark matter particles is Figure 1 : σ SI vs M DM for different couplings and mediator mass relevant to direction detection processes. The black dotted lines represent the curent XENON IT bound [33] .
disallowed, and the second case in which we relax this with non-zero values of these couplings, which are compatible with the present experimental limit on the invisible decay of Higgs boson. However, in the first case setting y 3 to be zero whenever M ψ ≤ M H 2 results in over abundance of ψ and consequently ruling out these mass ranges for ψ. Therefore in those discussions we shall consider M ψ > M H 2 . Before embarking on our numerical analysis, we shall look at the details of the above scenarios.
Scenario
Keeping all other scalar masses larger than its mass, H 0 annihilates into the SM leptons and light quarks, mediated through H and H S in the s-channel, and through the newly introduced heavy fermion, χ in the t-channel. The t-channel process is dictated by the mass of χ and the H 0 χ Yukawa coupling, y 1 , where denotes the SM charged leptons. In the purely IDM sector, the s-channel annihilation is controlled by the coupling combination, λ L . With M ψ > M H 0 , the contribution to relic density from the H 0 , denoted by Ω 1 h 2 , is independent of M ψ itself, except for a small dependence on the ψψ → H 0 H 0 process. This additional creation of H 0 is controlled by the trilinear and quartic couplings µ 5 and λ L , the mass of H s , and the Yukawa coupling, y 3 . Setting µ 5 = 0 to avoid invisible decay of H, as stated above, makes this channel irrelevant. In addition to Ω 1 h 2 , the total relic density(Ω tot h 2 ) has the fermionic component, Ω 2 h 2 , so that Ω tot h 2 = Ω 1 h 2 + Ω 2 h 2 . Note that Ω 2 h 2 is controlled by the ψ annihilation into the SM states. Before the gauge boson annihilation channels open up for ψ at M ψ ∼ 80 GeV, the fermionic component Ω 2 h 2 is larger than the allowed relic density, unless the other annihilation channel ψψ → f f , where f denotes the SM fermions, is sizable. This latter process, mediated by the singlet component of H and H s depends on the combination of y 3 sin 2α. On the other hand, for M ψ ≥ 80 GeV, the ψψ → V V , where V = W, Z, channel allows considerable reduction in Ω 2 h 2 , opening large parameter space region compatible with the current measurements. As these gauge annihilation channels are s-channel processes mediated by H and H s , the allowed parameter region is expected to be around the resonant condition M Hs ∼ 2M ψ . Away from this region, for M ψ ≥ 2M Hs , the possibility of ψ annihilation is controlled by the trilinear couplings µ 6 and µ 8 , and the Yukawa coupling y 3 . For non-zero values of λ L , µ 5 and y 3 , the only substantial change is in Ω 2 h 2 , which is reduced to within the observed bound even for M ψ < M V due to the additional H and H S mediated channels.
Scenario 2:
In this region λ L and µ are relatively unconstrained, opening up possibilities beyond what is discussed in scenario M H 0 ≤ M H 2 . This along with the fact that ψ can be lighter than H 0 makes the Boltzmanns equations for each of these species interdependent. Thus, Ω 1 h 2 would now depend on the relic density, and the mass and couplings of ψ. This, facilitated by the presence of the singlet scalar field, φ, is an important deviation from other multi-component DM models discussed in the literature. The process ψψ → H 0 H 0 is now relevant to both Ω 1 h 2 and Ω 2 h 2 , dictated by µ 5 , λ L , y 3 and the mixing angle α. An immediate consequence of these additional channels along with the H 0 annihilation through the t-channel χ exchange is that the desert region of intermediate mass range (from 80 GeV to slightly above 500 GeV) in the purely IDM like scenario no more exists, opening a large window of DM mass region accessible. Additional annihilation of H 0 will reduce Ω 1 h 2 further, worsening the underabundance in the desert region. However, conversion of ψ to H 0 improves Ω 1 h 2 , and the contribution from Ω 2 h 2 adds to Ω tot h 2 , making the entire parameter space available.
Numerical Results
Consideration of the annihilation processes shows that the relevant couplings are only subset of those listed in Eq. 8. λ 2 , λ 6 and λ 8 being relevant only to four-point interactions do not influence the relic density. Similarly, λ 7 , µ 4 , µ 6 and µ 8 would influence the annihilation through s-channel into singlet scalar or the SM Higgs boson mediated by these same scalar fields. Such annihilation channels are important only in the resonant regions, 2M DM ∼ M X , where M X is the mass of the mediating scalar particle. We have therefore somewhat arbitrarily fixed λ 2 = λ 6 = λ 7 = λ 8 = 0.1, and µ 4 = µ 6 = µ 8 = 100 GeV. This leaves the Yukawa couplings, y 1 , y 2 , y 3 , the quartic coupling combination λ L , and the trilinear coupling between the scalar singlet and the inert doublet, µ 5 , apart from the relevant masses, which we consider as independent parameters in our numerical analysis.
Scenario 1:
As discussed in Section 2.1, in Case 1 we set λ L = 0 and µ 5 = 0 and M ψ > M H 2 in this scenario and in Case 2 we consider non zero values of these parameters compatible with both invisible Higgs decay width and direct detection bounds. Considering the LEP constraint, we keep M H 0 > 45 GeV. Other parameters are considered as given in Table 1 . This choice corresponds to the quartic couplings of the Lagrangian in the ranges, λ 1 = (0.26, 0.56), λ 4 = (0.262, 0.335), λ 5 = (−0.377, −0.297), λ 3 = (0.036, 0.042). In the case of IDM Higgs bosons, LEP rules out the region where M H 0 < 80 GeV, M A 0 < 100 GeV and M A 0 − M H 0 >8 GeV, since it would lead to visible di-lepton or di-jet signals [37] . At the same time, mass splitting below 8 GeV does not support relic bound [10] . We have checked that the situation does not change in the present model. Further, LEP-II constrains M H ± > 70 GeV from non-observation of e + e − → H + H − production [38] . The Electroweak Precision Measurements (EWPM) require product of the mass splittings, (M H + − M A 0 )(M H + − M H 0 ) to be small [39] . These considerations have led to deciding M A 0 to be larger than 100 GeV for the range of M H 0 considered here, keeping M H + close to M A 0 . At the same time, M A 0 > 180 GeV in this set up would correspond to |λ 4,5 | > 1. We, therefore, set a mass splitting of M A 0 − M H 0 = 60 GeV as our conservative choice. The choice of M As > 2M H 0 is made to allow tree-level decay of A s . As indicated by Eq. 5 we shall keep the mass splitting between that of H s and A s small enough to keep λ 1 small. At the same time, to keep λ 1 positive all through the parameter region, we make the conservative choice of M Hs > M As . Table 1 .
With the above choice of parameters, micrOMEGAs [35] is used to perform a random scan to compute the relic density to find compatible regions. With λ L = 0 = µ 5 disabling all the H and H s mediated processes, the cross section is dominated by the χ mediated processes with Feynman diagram in Fig. 2 (left) . The compatible regions in y 1 − M H 0 plane for three different illustrative choices of M χ is presented in Fig. 2 (right) . As expected, heavier mediator require larger coupling for the same level of cross section to satisfy the bounds. The other candidate for dark matter, Ψ couples directly only to the singlet scalar field, φ. Thus, its annihilation process is mediated by H s , whose major component is φ, and the observed 125 GeV resonance of H having a small admixture of φ is enabled by the nonzero mixing angle, α. The number density of otherwise over abundant ψ is reduced with the opening of the gauge annihilation channel with M ψ ≥ M W as clear from the top-right inset of Fig. 3 in the Ω 2 h 2 vs M ψ plot. For Case 2 in Table 1 of parameter choice where λ L , µ 5 are non-zero, the only visible change in the results is shown in the top left-inset. Here Ω 2 h 2 is reduced to observed bound from overabundance even for M ψ < M W , thanks to the additional annihilation of ψ into SM leptons and H 0 now made possible with the non-zero couplings. Since all these channels are H and H S mediated, we also see the s-channel resonance effect at M ψ = M H 2 in this plot. H s dependence in the relic density calculations come through its mediation of ψ annihilation processes as well as annihilation of ψ pairs into H S pairs. Thus the resonant enhancement of the cross section indicate that the compatible region has M Hs ∼ 2M ψ , as clear in Fig. 4 . When the full range of M ψ is considered,the annihilation channels of ψψ → H S H S , HH, χ ± χ ∓ open up. The mass relation between M ψ and M H S is no longer linear due to these new channels, leading to the scattered points in the high mass range starting from 125 GeV. Notice that ψψ → H S H S t-channel process and ψψ → χχ processes have negligible dependence on the mixing angle α, whereas for all other processes it appears in combination with y 3 . Thus, in most situations a change in α is compensated by a corresponding change in y 3 . Figure 3 : Ω 2 h 2 vs M ψ for the parameter region considered in Table 1 . Blue points are a subset satisfying the total relic density Ω tot h 2 within the allowed range. Small mass region is enlarged for clarity : Top-left inset: for parameter region case 2, Top-right inset: for parameter region case 1 in Table 1 200 For M ψ ≥ M χ the s-channel ψ annihilating into χ process is mediated by the singlet scalar, and is proportional to the product of the Yukawa couplings, y 2 · y 3 . In Fig. 5 regions on y 3 − M ψ plane compatible with the total relic density bound is shown for M χ = 100 GeV, 150 GeV and 200 GeV, in each case for two different choices of y 2 values. M ψ = M χ threshold is clearly seen in all the cases considered. Further, for small values of M χ , the contribution from Ω 1 h 2 to the relic density is negligible, as the χ mediated t-channel cross section being large washes it out, minimising the spread in the allowed region. However, for M χ = 200 GeV and above, Ω 1 h 2 has non-negligible contribution, as clearly indicated in the larger area of allowed regions. The dependence on y 2 compared to y 3 is somewhat trivial as mentioned above. Points with different y 2 values shown unambiguously brings out the role of the ψψ → χχ process. 
Scenario 2:
(0, 100, 200, 500) µ 4 , µ 6 , µ 8 100 λ 2 , λ 6 , λ 7 , λ 8 0.1 α 0.0045 With non-zero values of λ L / and µ 5 , corresponding to the couplings of ψψφ and H 0 H 0 φ, respectively, the process ψψ → H 0 H 0 mediated by φ makes the interaction between the two dark matter components more relevant. The set of coupled Botzmanns equations make Ω 1 h 2 dependent directly on Ω 2 h 2 and vice versa. The value of HH 0 H 0 coupling is kept at λ L = 10 −4 , so as to respect the direct detection limit. Four different illustrative values including zero is considered for µ 5 .
The first row of Fig. 7 shows the variation of Ω 1 h 2 vs M H 0 for specific choice of µ 5 . In the case of Ω 1 h 2 with µ 5 = 0 dark matter annihilating into SM particles alone is possible, like in the pure IDM case. Consequently, for M H 0 ≥ M W the annihilation cross section controlled by gauge coupling leaves H 0 underabundant. However, with non-zero value of µ 5 in the region M ψ ≥ M H 0 , ψψ → H 0 H 0 boosts up the relic density. This is illustrated in the top-middle plot Fig. 8 shows the correlation between Ω 1 h 2 and Ω 2 h 2 at a mass splitting ∆M H 0 −A 0 =1 GeV (right) and 20 GeV (left) for a mass range of 500 ≤ M DM ≤ 1000 GeV. When the mass splitting is small (of the order of 1 GeV), co-annihilation between the inert scalars counters the gauge suppression and increases the scalar relic density substantially. In this case, the effect of µ 5 is negligible as seen from Fig. 8 (right) . On the other hand, for a larger mass splitting, when the co-annihilation is suppressed, one may achieve significant contribution from Ω 1 h 2 for a suitably chosen value of µ 5 . We find that the best case scenario corresponds to a value of µ 5 ∼ 300 GeV. Hence in the multi-component scenario, the contribution from Ω 1 h 2 is boosted up compared to the single component case, thanks to the conversion from the fermionic component. We would like to reiterate the advantage of the multi-component case considered here, which deviate from the purely IDM like scenario, where this mass range of DM is available only for closely degenerate case of M H 0 ∼ M A 0 . In Fig. 9 , higher value of µ 5 corresponds to lower y 3 for a fixed value of M ψ , implying that ψψ → H 0 H 0 is a dominant channel as per relic density consideration. y 3 is proportional to ψψH S coupling and µ 5 is proportional to H S H 0 H 0 . To maintain the cross-section at a certain value in order to follow the relic bound, higher µ 5 will correspond to lower y 3 and vice versa. All points here satisfy the total relic density bound. Notice that we have considered the resonance condition M H S = 2M ψ , while M ψ varies in the full range of Scenario 2. This is to bring in the relevant s-channel annihilation of ψ mediated by H s . In the large M ψ region, the DM annihilation into χ pair opens up adding further possibilities. The ψψ → χχ is an s-channel process mediated via H S . Thus, the couplings y 2 and y 3 along with the masses of H s , χ and ψ decide the cross section. Fig. 10 shows the allowed regions of y 3 − M ψ plane for specifically chosen values of the Yukawa coupling y 2 and the masses M χ and M H S . The relevant Yukawa coupling is set to y 2 = 0.5. The threshold is seen as M ψ ∼ M χ , which is set to 1100 GeV here. Further, the depression around the resonant condition of M Hs = 2M ψ is clearly seen. Since in this region, the mass splitting between H 0 and A 0 is kept at 10 GeV, Ω 1 h 2 is always small, hence the dominant contribution in Ω tot h 2 comes from Ω 2 h 2 .
Summary and conclusions
We present a novel scenario with possibility of scalar and fermionic dark matter coexisting, compatible with all the experimental bounds including the relic density measurements, the direct detection limits and the collider constraints. A wide range of parameter space(10 GeV -2 TeV) for dark matter mass is considered and the possible dark matter signatures are analyzed in different mass ranges. We find that, the entire mass range is compatible with the relic density and direct detection bounds. Especially for masses from 65 GeV onwards the dark matter particles interact among themselves opening possibilities of conversion from one type to the other leading to interesting phenomenology and compensates for the underabundance of the individual relic density of H 0 in the otherwise not compatible range of 80 GeV≤ M H 0 ≤ 500 GeV. For the entire mass range of the IDM scalar H 0 , the fermionic dark matter candidate ψ contributes to the observed relic density starting from a few GeV to the TeV range. The lepton portal annihilation channels contribute to the relic density of H 0 , denoted by Ω 1 h 2 , without adding to the direct detection cross-section, being a t-channel processes mediated by the fermionic partner χ. Hence keeping λ L fixed at an admissible low value at par with the direct detection limits, the lepton portal couplings and propagator masses can be changed to get the correct relic density for H 0 . In the present model, owing to the conversion of fermionic dark matter pair into a scalar dark matter pair substantial contribution of Ω 1 h 2 in the total relic density is possible. On the other hand, the fermionic component can suffice for the deficit in the total relic density as well. At the same time, for large mixing the rate of annihilation of H 0 into SM also increases through the Higgs portal channels making H 0 underabundant in these regions. In such scenarios, the fermionic component dominates the scene with the dark matter scenario effectively becoming a single-component case. In the large mass region (500 GeV -2 TeV) typical IDM contributes substantially to the relic density for very low mass splitting between the inert scalars, thanks to the now relevant co-annihilation channels. However, the effect of co-annihilation is negligible with larger mass splitting making it non-compatible with the relic density measurements. In the model discussed here, fermionic to scalar dark matter conversion permits even a larger mass splitting to produce the correct relic density.
Finally, we expect that the model can bring in interesting collider phenomenology with the fermionic partner, χ of the inert scalar doublet changing the production and decay patterns of the IDM charged scalars in the mass range that could be probed at LHC. We defer a detailed collider study for a future work.
